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addition through chelation. 5 This is also referred to as "chelation control". 7 Drawbacks are the limited availability and/or the need of removal of these auxiliaries by procedures unsuitable for large-scale preparations, i.e., oxidation with Pb(OAc) 4 or treatment with HIO 4 /eNH 2 . 5 Recently, the use of optically pure (R)-phenylglycine amide (1) as highly efficient chiral auxiliary in the synthesis of R-amino acids was reported. 8 Its application in the synthesis of chiral amines and homoallylamines based on diastereoselective allylation as the key step will be described here. Both reductive and nonreductive protocols for removal of the chiral auxiliary have been developed. Aldimines (R)-2-11 are obtained in 84-95% yield by stirring a mixture of 1 with the corresponding aldehyde (R 1 -CHO) in CH 2 Cl 2 overnight at room temperature. The formation of aldimine (R)-3 required elevated temperatures and acid catalysis ( Table 1 ). The addition of allylzinc bromide (1.5 equiv) to the imines in THF at 0°C furnishes the homoallylamines (R,R)-12-21 in yields up to 94% with diastereomeric ratios of >99/1 in most cases (Table 1) . Allylzinc bromide proved to be the organometallic reagent of choice. It is easily prepared and is compatible with most organic groups. 9 The phenylglycine amide chiral auxiliary in imines 2-11 contains a chiral center that could racemize under basic conditions. To determine if any racemization of this chiral center had occurred during the allylation reaction, we determined the (R,R)/(S,S) ratio of several adducts by HPLC ( Table 1 ). The selected compounds contained only the (R,R) isomers, thereby establishing that the chiral auxiliary does not racemize under the reaction conditions employed.
The addition of allylzinc reagents to imines is reported to be limited to those that are nonenolizable or contain branched R-alkyl substituents. 4f This is not true for (R)-phenylglycine amide derived imines as shown by the allylation of 10 and 11 (entries 9 and 10).
The compatibility of allylzinc bromide with relatively acidic functionalities such as an amide or hydroxyl group is remarkable. In view of the approximate relative pK a of 17 for amides, 10 the basic allylzinc reagent could well be protonated by this group. The lack of reaction with an even more acidic functionality such as a phenolic hydroxyl group (pK a 8-11) is even more striking (entry 3). The addition of 1.5 equiv of allylzinc bromide to (R)-4 furnished the homoallylamine (R,R)-14 as the only product in 90% isolated yield.
Reactions of 2 with, respectively, propylzinc bromide, n-butyllithium, benzylzinc bromide, or p-anisylmagnesium bromide failed to produce addition products. In all cases the starting material was recovered.
We postulate that the two heteroatoms of the (R)-phenylglycine amide-imine chelate the zinc atom of the allylzinc reagent to form a five-membered ring. 5, 7 Simultaneously, a six-membered chairlike transition state is formed (7) from the allylic system and the CdN double bond of the imine. The re-face 1,2-addition proceeds in a concerted fashion by an allylic rearrangement (Figure 1 ). The allylic rearrangement was confirmed by the addition of crotylzinc bromide 11 to imine 2 (Scheme 1). Product 22 was isolated in 98% yield (dr 99/1) as a mixture of two isomers in a ratio of 1:1.3. As a demonstration of the scope, the addition of methallyl bromide to 2 furnished (R,R)-23 in 98% isolated yield (dr 99/1). The R-substituted 1-aminobutanes (R)-24, 12 (R)-25, 13 and (R)-26 14 were obtained in 49-88% yield with enantiomeric ratios of 97/3 to >99/1 by catalytic hydrogenation of 12, 20, and 13, respectively, under acidic conditions ( Table 2 ). The high enantiomeric ratios of these chiral amines are in accord with the diastereoselectivity of the allylation reaction and lack of racemization of the phenylglycine amide moiety.
The observed signs of the optical rotations are in accord with the (R)-configuration (see Supporting Information). In accord with the model proposed in Figure 1 , the absolute configuration of the adducts 12-21 should be (R,R). This was unambiguously established by X-ray crystallographic analysis of 14 15 ( Figure 2 ). A demonstration of the synthetic value of this methodology is the preparation of (R)-R-propylpiperonylamine ((R)-26). This chiral butylamine is an important building block of the human leukocyte elastase inhibitor L-694,458, which was prepared earlier with an enantiomeric ratio of 97/3 via a three-step reaction sequence. 16 Chiral homoallylamines are valuable synthons for the preparation of biologically active components including -amino carboxylic acids or esters, obtained by oxidation of the allylic functionality. 1, 17 As removal of the chiral auxiliary by hydrogenation leads to the loss of the allylic functionality, we sought alternative routes for the conversion of the adduct into the "free" homoallylamines. Using adduct (R,R)-12 and (R,R)-20 as models, we developed the "retro- Strecker" method for the conversion of phenylacetamide protected homoallylamines into N-benzylidene protected homoallylamines (R)-29 and (R)-30, respectively (Scheme 2).
The amides were readily converted into the nitrile 27 and 28, respectively, by dehydration of the amide moiety by the Vilsmeier reagent (ClCHdN(CH 3 ) 2 + Cl -). Loss of HCN from the crude nitrile occurred on treatment with K 2 CO 3 in ethanol to furnish (R)-29 and (R)-30, respectively.
Acidic hydrolysis is usually the method of choice for the deprotection of benzylidene-protected amines. 18 However, 29 and 30 are rather stable to exposure to aqueous HCl (6 M) at room temperature. At 80°C in 10% aqueous HCl, the imine is hydrolyzed although aza-Cope rearrangement is a competitive reaction. A more effective method was treatment with hydroxylamine hydrochloride 19 in aqueous THF, whereby (R)-31 6b and (R)-32 20 were obtained, respectively (Scheme 2). The homoallylamines were obtained with an enantiomeric ratio of 97/3 to 99/1 showing that the deprotection sequence proceeds with almost full retention of configuration. The overall yield of the deprotection is 78-84%.
The results presented here establish that (R)-phenylglycine amide is an excellent alternative for other chiral auxiliaries used for the preparation of chiral homoallylamines. Allylation is readily accomplished via relatively cheap allylzinc bromide, and the chiral auxiliary is conveniently removed under either reductive or nonreductive conditions. Obviously, (S)-phenylglycine amide is also accessible and can be used for the preparation of the opposite isomer of the described products. Other applications of phenylglycine amide in asymmetric synthesis are under investigation. 
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